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21. Introduction 
Lithium fluoride crystals and thin films were recently proposed as novel X-ray imaging 
detectors being currently under development for application in photonics, biological 
investigations and material science, as well as in the characterization of intense X-ray sources 
[1,2]. These applications are based on Optically Stimulated Luminescence (OSL) of stable F2
and F3+ colour centres. It was shown that the presence of some impurities into the raw LiF salts 
and crystals drastically modifies the photoluminescence (PL) and thermoluminescence (TL) 
properties of stable F2 and F3+ colour centres [3]. 
The aim of this paper is to investigate the influence of Pb2+ doping on optical and 
luminescence properties of LiF crystals before and after irradiation with X-ray, by using optical 
absorption and PL measurements.
2. Experimental 
Crystal samples preparation
The starting lithium fluoride polycrystalline powder was prepared by using quasi-
homogenous synthesis in aqueous solutions from high purity LiCl and ammonium fluorite 
(NH4F) [4]. The powder was dried from 20 to 110oC for 24 hours (in air) and after that at 300oC 
for 64h (in dry nitrogen atmosphere) in order to eliminate the crystallization water. Undoped and 
Pb2+-doped LiF crystals were grown by using standard Kyropoulos growth technique in dry 
nitrogen atmosphere; PbF2 salt was used for the doping. Evaluation of the OH- content in the 
crystals by Fourier Transform infrared (FTIR) absorption spectra yielded values of about 10-
15ppm [5]. Several crystal slices, few mm thick, were successfully cleaved.
Samples characterization 
The optical absorption spectra were measured at RT by using a Lambda 950 Perkin-
Elmer spectrophotometer at a wavelength resolution of 2 nm. The PL spectra were performed at 
RT with an ISA-SPEX Jobin Yvon Fluorolog-3 spectrofluorometer equipped with a Xenon lamp 
and a solid-sample holder in right-angle geometry with the same spectral resolution.  
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3X-ray irradiation of the samples was performed at RT under vacuum for about 20 min. by 
using a standard X-ray source equipped with an Al target (Al kα, E=1486.6eV). 
3. Results and discussion
From the absorption spectra measured at RT in undoped and Pb2+-doped LiF crystals, the 
absorption coefficients were derived as reported in Fig.1. The solid curve showed a broad 
absorption band located at around 275nm, which was not observed for undoped LiF crystals 
(dashed curve). In several doped LiF crystals with increasing amount of PbF2 salt in the melt, the 
intensity of this absorption band initially increased, then reached a maximum saturation value 
and after that decreased [5]; therefore this band was attributed to the Pb2+ ions. The absorption 
spectrum reported in Fig.1 referred to the highest level of Pb2+ doping in the grown LiF crystals, 
as well as the other optical and luminescence spectra reported in this paper. According to the 
absorption spectra measured in other Pb2+-doped alkali halides [6] the 275nm band was assigned 
to the A-absorption band of the Pb2+ ion [6,7]. 
The intensities of this UV absorption band were extremely low compared with other 
doped alkali halide crystals, almost two orders of magnitude [8]. Assuming a value of f=0.11 [9, 
10] for the oscillator strength of the Pb2+ associated band at 272nm (as it was found for Pb2+ ion 
absorption in other alkali halides [7]) a maximum concentration of the Pb2+ ions of about few 
ppm was evaluated. The presence of Pb2+ ions was confirmed by X-ray Photoelectron 
Spectroscopy (XPS) spectra (not reported here) and further measurements are in progress to 
better evaluate the doping level [5]. 
PL spectra recorded at RT in Pb2+-doped LiF crystals under light excitation at 275 nm, 
the peak wavelength of the UV absorption band, showed a weak band peaked at about 340nm 
(Fig.1, right axis) accompanied by a weaker and broader shoulder at about 465nm. As we have 
not observed these photoluminescence features in undoped LiF crystals, the 340nm emission 
peak was attributed to the luminescence of the Pb2+ ion. By similarity with other alkali halides 
[11] we suppose that Pb2+ ion is accompanied by a charge compensation cation vacancy in the 
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4next nearest neighbour. However, as the ionic radii of Pb2+, 1.29 Ǻ, is much bigger than Li+ ionic 
radii of 0.92 Ǻ, which is not the case for K+ with a ionic radii of 1.52 Ǻ, other mechanisms 
and/or configurations could be involved. The 465nm luminescence band could be very likely 
related to the oxygen contamination of the samples, as it happens in other alkali halides. 
However, due to possible Jahn-Teller effect and the sameexcitation wavelength of the 340 nm 
and 465 nm emission bands, they could be also ascribed to radiative transition from the AT and 
AX relaxed excited state minima of Pb2+ ion, respectively [7]. 
The absorption spectra of an undoped and a Pb2+-doped LiF crystals recorded at RT after 
X-ray irradiation in the same conditions are shown in Fig.2. According with the limited 
attenuation length of the used soft X-rays [12], which is 2.54μm at the energy of the Al kα line 
[13], a thin active layer with high concentration of electronic defects located at the surface of the 
material was obtained. As the thickness of the coloured layer is the same in the undoped and 
Pb2+-doped LiF crystals, a direct comparison of the intensities of the absorption spectra is 
possible. The well known absorption bands due to the F-type centres in LiF were observed [14]: 
the main F centres (one anion vacancy occupied by an electrons) absorption at 247nm was 
accompanied by a broad and less intense band at 444nm, which is due to the overlapping of the 
absorption band of the F2 and F3+ centres (two electrons captured by two and three anion 
vacancies, respectively). There were no significant differences between the shapes of the spectra 
recorded on X-ray coloured undoped and Pb2+-doped samples. However an increase of the F and 
M band intensities in the Pb2+-doped LiF crystal was clearly observed, which means a higher 
concentration of colour centres. This result indicated that Pb2+ doping increases the efficiency of 
the radiation defects production in soft X-ray irradiated LiF crystals in the used conditions. 
Still more sensitive to the Pb2+ doping were the PL spectra in the visible spectral range, 
reported in Figs.3a,b for two different excitation wavelengths, 460 and 445 nm, respectively, 
both located in the M centres absorption spectral region [15]. The broad photoluminescence 
bands due to the F2 and F3+ centres were observed, with typical peaks at 670 nm and 539 nm, 
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5respectively. The relative intensities of these bands were related to the excitation wavelength: 
when it was close to the absorption peak of F3+ (460 nm, Fig. 3a) the ratio of the intensities of 
the red (F2) emission to the green (F3+) one is lower than in the case of light excitation at 445 nm 
(Fig.3b), a wavelength which is practically coincident with the absorption peak of F2 centers. In 
both cases, it was clear that Pb2+ doping increases the photoluminescence intensities of the bands 
associated with the F2 and F3+ centres. 
It was already observed that there are different mechanisms of production for F2 and F3+
centres after γ-irradiation in the LiF crystals [15,16]. Moreover, in the case of irradiation at RT, 
the intensities of F2 and F3+ centres absorption bands were modified, i.e. the ratio F2/F3+
increased in the surface compared to the bulk crystals. This means an increase of the 
concentration of F3+ centres in the subsurface compared with the F2 concentration. In the 
irradiation process; the OH- centres are converted in Ho and simply charged oxygen O-, which 
suppress the formation of positively charged aggregates, because the oxygen centers remove 
electronic traps from the crystal. 
In the case of X-ray irradiated Pb2+-doped crystals we observed an increase of both 
primary F centres and active F2 and F3+ aggregate defects concentrations. A possible explanation 
might be related to the fact that Pb2+ ions enter as a bivalent ion into a monovalent network with 
a positive compensation vacancy which modify the stabilization of defects [17].  
4. Conclusion
The optical absorption spectra of Pb2+-doped LiF crystals in comparison with the 
undoped ones showed an UV absorption band peaked at 275nm, that was associated to the 
presence of Pb2+ ion. Under excitation at this wavelength, an emission band centred at about 
340nm was observed and attributed to the Pb2+ ion luminescence. After soft X-ray irradiation of 
undoped and Pb2+-doped LiF crystals, the absorption and photoluminescence intensities of the F2
and F3+ active colour centres in doped samples were higher compared to the undoped ones, i.e. 
Pb2+ doping increases the formation efficiency of the radiation induced defects in soft X-ray 
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6irradiated LiF crystals, both for primary F centres as well as aggregate ones. Further experiments 
are in progress with other kinds of high energy ionising radiations to better investigate this 
interesting behaviour. 
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9Figures caption 
Fig.1. Optical absorption spectra at RT of undoped (dashed line) and Pb2+-doped (solid 
line) LiF crystals (left axis); photoluminescence spectrum at RT of a Pb2+-doped LiF crystal for 
an excitation wavelength of 275nm (right axis). 
Fig.2. Optical absorption spectra recorded at RT after X-ray irradiation of undoped and 
Pb2+-doped LiF crystals. 
Fig.3. Photoluminescence spectra recorded at RT after X-ray irradiation of undoped 
crystal and Pb2+-doped LiF crystal using excitation at 460nm (a) and 445nm (b). 
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Figure 3. 
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